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R958Cell Differentiation: Midbody autophagic adaptor proteins p62 and
Remnants — Junk or Fate Factors?The midbody is an electron-dense structure that forms between two dividing
daughter cells, and a midbody remnant is left after completion of cell
separation. This structure has been regarded as a piece of cellular debris, but
two recent papers suggest an unexpected function for the midbody remnant in
promoting an undifferentiated cellular phenotype.Kay O. Schink1,2
and Harald Stenmark1,2,*
During the final stage of cell division,
newly formed daughter cells are
connected by an intercellular bridge
that contains bundled microtubules
that overlap in the midzone. In the
area of this overlap, an electron-dense
structure, the midbody (also known
as the ‘Flemming body’), is formed.
The precise role of the midbody is
poorly understood, but one of its
functions is to serve as an anchoring
point for the machinery that mediates
final abscission between the two
daughter cells [1]. During abscission,
the microtubules connecting the two
daughter cells are severed in
constriction zones on one or both
sides of the midbody, resulting in
the formation of a midbody
remnant. Recent findings now describe
a new role for the midbody remnant:
a study by Stephen Doxsey and
coworkers [2] finds that in stem cells
the midbody remnant persists,
whereas another study by Wieland
Huttner and coworkers [3] reports
shedding of the midbody remnant
from differentiating cells to the
surrounding medium. The two papers
converge on the view that midbody
remnants contribute to cell-fate
determination (Figure 1).
Stem cells are known to divide
asymmetrically so that one daughter
cell retains stem-cell characteristics
whereas the other gives rise to
a differentiated lineage [4,5]. It has
been proposed that cell-fate
determinants are asymmetrically
distributed during mitosis and
thereby can regulate the different
fates of the arising daughter cells.
One factor associated with the
regulation of the developmental fate
is the inheritance of the centrosomes.
The daughter cell receiving the older
centrosome during asymmetric
division retains its stem-cell
characteristics, whereas the daughtercell inheriting the younger centrosome
differentiates [6]. Analogous to this
situation, Kuo et al. [2] found that
midbody remnants accumulate in
the daughter cell receiving the
older centrosome, whereas
midbody remnants in cells that
received the younger centrosome
are degraded. In stem cells, this
accumulation of midbody remnants
correlates with the pluripotency
status of the cells. Daughter cells
retaining their pluripotent
characteristics have a higher number
of midbody remnants, whereas
differentiating cells preferentially
degrade the midbody remnants
they received [2].
The specific degradation of the
midbody remnants is mediated by
autophagy — ‘self-eating’ — a process
whereby cytoplasmic material is
engulfed by a double-membrane
autophagosome [7]. When the
autophagosome fuses with a lysosome
to form an autolysosome, ingested
material is degraded by lysosomal
hydrolases. Interestingly, Kuo et al. [2]
found that, in stem-cell division, the
accumulating midbody remnants in the
daughter cell receiving the older
centrosome are not degraded by the
autophagy machinery. In contrast,
midbody remnants are readily
recognized and degraded by the
autophagic machinery in differentiated
cells [2].
Many autophagic substrates are
recognized by cargo receptor proteins
[8], and one of these, p62, has
previously been shown to be involved
in the degradation of midbody
remnants [9]. In contrast, the results
obtained by Kuo et al. [2] suggest that
the selective degradation of
midbody remnants in differentiating
daughter cells is not mediated by p62,
but by the structurally related protein
NBR1 through an interaction with the
midbody protein CEP55 [2]. Further
studies will be needed to unravel the
respective roles of the twoNBR1 in the degradation of the
midbody remnants.
Parallel to preferential degradation of
midbody remnants in differentiated
cells, accumulation of these structures
in stem cells is not only enhanced by
preferential segregation of the
midbody remnants into the cell with
the oldest centrosome, but also by
downregulation of autophagy. Since
the accumulating midbody remnants
are not enveloped in autophagosomal
membranes but reside freely in the
cytoplasm, Kuo et al. [2] argue that
they are not recognized as substrates
for the autophagic machinery. The
authors propose that these free
midbody remnants might serve as
scaffolding proteins for cell fate
determining factors. Their hypothesis
is corroborated by the observation
that artificial elevation of midbody
remnants by prevention of
NBR1-mediated autophagy enhances
reprogramming efficiency of
differentiated cells and embryonic cells
into induced pluripotent stem cells [2].
The study by Ettinger et al. [3] also
finds accumulation of midbody
remnants in stem cells with pluripotent
characteristics and the lack of midbody
remnants in differentiating cells, thus
supporting the proposed role for
midbody remnants in cell-fate
determination. However, in contrast to
the work of Kuo et al. [2], this study
proposes an alternative mechanism for
how differentiating cells dispose of their
midbody remnants. Ettinger et al. [3] find
that,whencertainstemcells are induced
todifferentiate, theydonotdegrade their
midbody remnants by autophagy, but
rather shed them into the extracellular
medium. Collectively, these studies
suggest that accumulation of midbody
remnants in stemcells contributes to the
maintenance of an undifferentiated
phenotype.
Cancer cells are often poorly
differentiated [4], and a popular
hypothesis in cancer biology proposes
that cancers arise from ‘cancer stem
cells’ [10]. In this context it is interesting
that Kuo et al. [2] also observed
accumulations of midbody remnants in
cancer cells and Ettinger et al. [3] noted
that differentiation-resistant cancer
cells failed to shed midbodies. It is thus
possible that the accumulation of
midbody remnants in cancer cell
lines might be another facet of their
stem-cell-like characteristics
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Figure 1. Midbody fate dictates cell fate [2,3].
Following the abscission stage in cytokinesis, the daughter cell with the older centrosome (blue) inherits the midbody remnant. Accumulation of
midbody remnants signals retention of stem-cell characteristics. Alternatively, the midbody remnant may be degraded by autophagy or shed to
the extracellular space, thereby promoting a differentiated phenotype. The inset shows details of the autophagic degradation of a midbody
remnant. The remnant contains CEP55, which is recognized by the autophagic adaptor NBR1. NBR1 in turn recruits the autophagic effector
LC3 to promote sequestration into a forming autophagosome. The midbody remnant is degraded when the autophagosome fuses with
a lysosome, which contains hydrolytic enzymes.
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R959and an important factor for the
undifferentiated state of cancer cells.
This speculation is substantiated by
the observation that cancer cells with
more midbody remnants display
anchorage-independent growth and
that such tumour-like growth is
increased in cancer cells depleted of
NBR1 [2].
The studies by Kuo et al. [2] and
Ettinger et al. [3] open up several new
avenues of investigation and suggest
the possibility of using midbody
remnants as surrogate markers for
differentiation potential. Clearly, the
ability to retain or shed midbody
remnants varies strongly between cell
lines, and these initial observations
need to be verified in further models for
stem cells and differentiated cells.
Such studies should address how
a decision is made between
shedding versus retention of midbody
remnants, and how shedding of
midbody remnants is accomplished. It
remains to be elucidated how the
daughter cell inheriting the older
centrosome also inherits the midbodyremnant. Kuo et al. [2] propose
differences in spindle modification as
a potential driving force of this process,
and it will be exciting to see which
cellular factors regulate this process.
Along the same lines, it will also be
interesting to see which mechanisms
allow the already accumulated
midbody remnants resulting from
previous cell divisions to be
co-segregated with the older
centrosome during cell division.
Furthermore, the question remains how
the midbody remnants in stem cells
escape recognition by the autophagic
machinery and which components of
the midbody remnants are involved in
the regulation of stem-cell pluripotency
and themodulated properties of cancer
cell lines. Finally, it will be crucial to
determine how the midbody remnant,
previously regarded as a piece of
cellular junk, can promote the
undifferentiated state. A successful
outcome of such studies could greatly
help our understanding of how stem
cell pluripotency and differentiation are
controlled.References
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Play and SexHow do animals perceive their environment and make appropriate behavioral
choices based on those perceptions? New data have uncovered a novel
sensory pathway that promotes Drosophila male courtship behavior in
response to food.Carolina Reza´val, Caroline C.G. Fabre,
and Stephen F. Goodwin‘‘Food and sex, those are my two
passions. It’s only natural to combine
them.’’
— George Costanza, Seinfeld, ‘The
Blood’.
Frombacteria to humans, all organisms
obtain vital information
from chemosensory signals in their
environment. The integration of
multiple environmental chemical cues
conveying information about essential
resources (such as food), potential
dangers, and appropriate mating
partners act to guide behavioral
choices. Males and females are
particularly dependent upon detection
and intake of food resources for
survival and reproductive success.
There are a variety of examples in the
literature illustrating how sexual
behavioral interactions are influenced
by food. For instance, in some species
of spiders, themale woos the female by
offering a food gift during courtship. If
she accepts the ‘nuptial gift’, the male
proceeds towards copulation [1].
Similar behaviors are reported in
a range of insect and bird species [2,3].
A notable example is the female
cricket, which feeds on secretions
exuded from the male abdominal tergal
glands during mating [4].
The fruit fly Drosophila
melanogaster offers an excellent
system to explore the mechanisms by
which external cues are sensed and
integrated to execute complex
behaviors [5]. Reproductive success
requires Drosophila flies to locatemates and find an appropriate place to
lay fertilized eggs [6]. Food would
appear to be an ideal meeting point to
gather, mate and produce progeny.
Yang et al. [7] have previously
reported a link between food and
egg-laying site choice. However, a role
for food in courtship behaviors has
been less clear. An exciting new study
by Grosjean et al. [8] has now
identified a link between the intensity
of male sexual behavior in Drosophila
and the presence of food.
Furthermore, their findings imply that
both pheromonal and food sensory
information are integrated to promote
copulation.
Courtship behaviors primarily
depend upon olfactory cues (volatile
pheromones) and gustatory cues
(contact pheromones) allowing
Drosophila males to recognize and
evaluate potential mates by assessing
their sex, species and reproductive
state [9]. These male sexual behaviors
are largely specified by neuronal
circuitry expressing the male-specific
transcription factor Fruitless (FruM).
From sensory information to motor
output, these neurons contribute to
the assessment of potential mates
and the execution of male courtship
[10]. Known volatile sex pheromones
are sensed at close-range by odorant
receptors expressed in fruM olfactory
sensory neurons in the antenna, the
fly olfactory organ [11]. The axons of
these sensory neurons project into
glomeruli within the antennal lobe in
the brain, the equivalent of the
mammalian olfactory bulb, where they
synapse with second order neurons
that propagate olfactory informationto higher brain centers [12]. Recently,
a novel family of olfactory receptors
called the ionotropic receptors was
identified in Drosophila. These
receptors are expressed in a
complementary fashion to that of
odorant receptors [13]. In this follow
up study, Grosjean et al. [8] noticed
that ionotropic receptor 84a (IR84a) is
expressed in the ciliated dendrites of
fruM-expressing antennal sensory
neurons that innervate VL2a, one of
the glomeruli known to be larger
in males [14] (Figure 1).
Since fruM neurons have previously
been shown to be involved in mate
recognition through pheromone
sensing [15], the team investigated
whether Ir84a neurons are tuned to
recognize odors produced by male
or female flies. Electrophysiological
recordings of Ir84a neurons showed
that this is not the case. A large
screen of structurally diverse odors
led to the identification of
phenylacetaldehyde and phenylacetic
acid as close-range volatile ligands
for the IR84a receptor. These chemical
compounds are found in natural
drosophilid food sources, such as
overripe bananas and the prickly-pear
cactus Opuntia ficus-indica. These
fruits are also common egg-laying sites
for female Drosophila. Generation of
a mutant null allele by inserting the
yeast transcriptional activator GAL4
into the Ir84a locus (Ir84aGal4) allowed
Benton’s group to verify that the
response to phenylacetaldehyde and
phenylacetic acid was indeed
abolished in Ir84aGal4 homozygous
mutant neurons. Moreover, this
phenotype was rescued by restoring
the function of IR84a in these neurons.
The data presented in this study show
unambiguously that expression of
Ir84a in the olfactory neurons allows
the fly to respond to discrete odors
elicited by compounds found in
natural fruit fly substrates that serve
for feeding, breeding and egg-laying.
Despite the lack of response of
the receptor to fly-derived stimuli, the
